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Abstract

This report presents a critical review of past research which
investigated the effects of illustration on readers' comprehension of
instructional materials. The review includes a discussion of‘cerious

" flaws in this b&dy of research, and stresses ﬁhe.need for precise
specification of the information content of both pictures and text.

Several theories of perception and comprehension are then discussed
in order to place the research into a broader theoretical context;

a method for identifying and controlling the information content,
based on Fredricksen's (1975) semantic analysis procedure, is described.

Finally, important research questions are presented as foci for
future investigations.
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Methodological Issues in Research on

Reading Text with Illustrations

Introduction

This report is divi&ed into four major sections. The first gives
a critical review of past studies investigating the effects of
illustrations on readers' comprehension of instructional materials.
This section includes a discussion of serious flaws in this body of
research and stresses the need for precise specification of the
.in£0t-nt£on content of both pictures and text.

Section two places research on "picture-text amalgams" (Hochberg,
1968) into a broader theoretical perspective. Schema theories of
reading comprehension (Rumelhart, 1977) and a differentiation theory
of reading comprehension (Gibson and Levin, 1975) are briefly
revieved, along wvith selected related research. 7Iwo variables of
‘critical importance to picture-~text research which are stressed in
this section are: 1) the degree of redundancy between the semantic
content of pictures and text, and 2) the relationship between the
organisation of concepts expressed in text and thc‘otganization of

concepts found in accompanying illustrations.

I
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The third section gives a detailed description of a method of
discourse anglysis which we have adapted and are using in curremt
research to control critical variables here identified in the
literature review and the discussion of theoretical perspectives.
This method is based on the work of Carl Frederiksen (1975) and
provides a means for specifying the semantic content of picture and ;

text stimulus materials.

Finally, section four contains a discussion of research questions
vhich may be tractable using the methodology described here and which

serve to focus investigations involving pictures and texts.

I. Review of the Literature

The cognitive processes involved in extracting information from
textual materials have long been the subject of research in education
a?d4plychology. The majority of such studies have focused on the j
reading process exclusively ind have not, for the most part,
addressed the relsationship between pictures and text as conveyors of

information. Thus, the direct application of previous research

findings to many types of instructional meterials is difficult since
most textbooks, as well as technical manuals, provide information in
the form of graphics and text.

One particular ares vhere few studies are found to exist is in

the use of pictures as adjuncts to technical instructions. This is
somevhat surprising in light of the large number of illustrated

procedural materisls in use. Nonetheless, of the relatively small
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body of research that has studied "picture-text amalgams" (Hochberg,
1968), most has been done with narrative materisls and has focused on
the question of whether illustrations enhance or detract from
comprehension of stories in basal readers.

W. A. Miller (1938) reported that children's comprehension of
stories was just as good with pictures as without them. Children of
equal reading ability were divided into two groups. One group read
stories from a primer with pictures; the other group read the same
primer stories without pictures. In various measures of
comprehension, there were no significant differences.

Strang (1941) found that individual scores on a test designed to
measure comprehension of text presented with or without pictures were
consistently higher for the text accompanied by the illustration
condition. Omne concern in Strang's study is the fact that he failed
to control for the order of presentation effects. The illustrated
condition always succeeded the non-illustrated condition.

Vernon did two studies (1953, 1954) which found that an
illustrated version of written text was neither remembered nor
comprehended better than a non-illustrated version.

Another study which examined the effect of pictures on the
comprehension of a second grade basal resder was conducted by
Weintraub (1966). Second grade children in this study scored better
in this study vhen pictures were covered than when both pictures and

text were used.

Roenke (1968) sttempted to determine vhether statements of the
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main idea of a paragraph made by elementary school children could be
enhanced if a content relevant picture accompanied the paragraph or
if simplification of the paragraph was undertaken. Results indicated
that ‘the sddition of these pictures did not emhance either third or
sixth graders' main idea statements.

Lindseth (1969) found that using only the pictures in reading
books, and not the text, was not sufficient for children to answer
comprehension questions. Lesgold, DeGood and Levin (1976) found that
illustrations facilitated prose learning for first graders; and
Findahl (1971), using adults, found that pictures improved memory for
nevs items. Denburg (1976) found that, for the beginning reader,
pictures facilitated both word idemtification in c;ntext and word
learning.

Other studies are also of interest. Fries et al. (1965), Chall
(1967) and Samuels (1970) argue that pictures distract the reader
avay from the content of the text. MacKinnon (1959) and Gombrich
(1972) claim pictures present ambiguous and/or misleading
information. Vernon (1953), Samuels (1970), Gombrich (1972), Kennedy
(1974) and Richards (1974) recommend pictures because they arouse
children's attention and motivate them to read.

Tvo recent studies have cxanined the manner in which pictures and
text communicate procedural information (directions). Stone and
Glock (1981) examined the effects of text and pictures on readers'
ability to perform an assembly task while reading the directions. 1In

comparing the performance of subjects who read text, text with
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pictures, or pictures alone, the optimal performance was found to be
in the picture-text condition. Up to this point, most studies had
employed a text and text with picture condition and had, therefore,
failed to isolate the effect of the pictures slome.

Crandell (1979), also recognizing this difficulty, employed
several conditions in the investigation of the effects of educational
cognitive style and media format on reading directions. Crandell's
study employed a 5 x 5 factorial design with five levels of cognitive
style (individusl preference for ways of organizing information) and
five levels of media format: text alone, text with segmented
pictures, text with a composite picture, segmented pictures alonme,
and a composite picture alome.

Using the same task and similar reading materials as did Stomne
and Glock (1981), Crandell found no statistically significant
interactions between cognitive style and media format. He did find
that subjects who viewved segmented pictures alone had the best
comprehension of the directions. Crandell's illustrations differ
from those used by Stone in that they provided exploded views, used
dotted lines to depict thf relative position of parts, and slso used
srrovs to indicste action. Crandell also used a commmity college
population in contrast to Stome's use of students in a highly
selective university.

A review of those studies which have exsmined the manner in which
text and illustrations complement each other to communicate a message

indicates that many of them are seriously flawed. For example:
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1. The reading materisls used in many of the studies are never
identified other than in gcncralltctns. (Therefore no replication is
possible.)

2. EFach of these studies may properly show that a particular
picture helps or hinders a child's understanding of a given text (or
vice-versa), but it is not possible to gemeralize from any ome of
these studies and to make statements about the function of
illustrations with text per se.

3. Few of these studies control for the relationship between the
content of fext and the content of the illustrations. They have not
made explicit the concepts or relationships among concepts expressed
in text and illustrations. We cannot, therefore, determine whether
text snd illustrations are completely redundant in terms of content
or vhether they are only minimally related. We cannot determine the
relative contribution made by text and illustrations in comnunicating
the writer's message.

4. lNone of these studies examines the relationship between the
organization of the text and the groupings of concepts as expressed
in the accompanying illustrations.

5. These studies vary in terms of the manner in which children's
understanding is measured. Perhaps non-verbal as well as verbal
messures should be used in order to properly determine what
information children have extracted from pictures and text.

6. Finally, few of these studies relate their findings to

existing theories of bumsn information processing or other
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potentially relevant theoretical perspectives.

In summary, one reason for these conflicting results in this ares

of research may be the lack of precise descriptions of the textual
and pictorial materials used in each study. A clear specification of : X
the information presented in esch media format, the relationship
between the information in each format, and the verbal or non-verbsl it

nature of the evaluation instrument, msy reveal a variety of

uncontrolled stimulus variables directly affecting the comprehension
process. Hence, any investigation of the comprehension of
information presented in materials wade up of picture-text
combinations must sddress these areas of concern.
A brief review of several theoretical perspectives and additional
f related research on the reading process will reinforce the importance
of precise specification of textual and pictorial information

content.

3 II. Theoretical Perspectives

Before beginning our comsideration of several of the theoretical

perspectives pertinent to the study of reading text with pictures, it 3

is sppropriste to comsider the basic charcteristics of text and

Gaanai s g

illustrations at the graphic level.
Gibson and Levin (1975) have defined the graphic characteristics

of writing as follows:

PR

1. WVriting is formed by tracings on a surface. These tracings

may add to the surface, like ink or dye, or like a chisel, can carve

NPT




et —————

4 451 o JAg S i 5t i S e 1 Aot ity

Text/Illustrations
9
out a tracing.

2. Writing is rectilinear. It is composed of lines of print
vhich are parallel to each other. The parallel lines may be vertical
(Chinese) or horizontal. (Writing on statues or emgravings which is
not rectilinear but follows the contours of the surface does not
preclude rectilinearity, but may be thought of as a decorative or
artistic variant.)

3. Writing is undirectional. Current inting'systems are
predominantly left to right, less frequently, right to left, and omly
occasionally top to bottom. The starting point for each line is
fixed,

4. Writing bas a fixed orientation. The elements of the writing
system cannot be transformed relative to each other. For example,
the letters A B retain their orientations wherever they appear in the
text, so that a variation like A @ does not occur.

S. Writing is patterned. That is, a small inventory of basic
units can be combined to form a practically infinite number of
graphic patterns. Graphic distinctive features--vertical,
horizontal, diagonal, curved, open-closed, combine to form letters
which in turn form clusters, syllables, words, phrases, sentences,
paragraphs, etc.

6. Writing has gaps (or spaces) in the graphic display. These
gaps mark graphic units. Gibson and Levin advance the hypothesis
(which may be limited to the Roman alphabet) that the size of the gap

is related to the size of the unit. The smallest gaps separate

. 1 o o e ————————— & 1
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letters, larger ones, words, then sentences. The largest are
paragraphs, which involve a gap at the end of a line and an
indentation at the beginning of the succeeding line. Gaps mark
syllables as units in syllabary writing schemes but not in alphabetic
ones, though we do have the convention that when words must be
separated, as at the ends of lines, the gap occurs at the syllable
boundary, |

Graphic units may be marked in other ways than by spaces.
Hebrew, Arabic, and German have letter forms which occupy terminal
positions in words; another form of the letter is used in initial and
medial positions. In the writing system Devonagari, used

in India, the letters appear to hang from a horizontal line whose

-

length defines the length of the word, sc both the line and the spaces
mark word boundaries.

7. Written units are roughly equal in size. Different letters
occupy the same area and words are more or less similar in size.

This makes writing appesr regular with more or less equal black and
vhite spaces.

8. Writing has various forms that are not usually mixed. A text
usy be handwritten, typed, printed, cursive, capitals and lowercase,
etc. Not all writing systems have the same variations. Styles are
mixed only for conventional ressouns, as cgpitals at the beginning of
sentences.

These characteristics define writing systems st the graphic level

and, with the exception of item 1, discriminate writing from all

R il
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other graphic displays. In contrast, even simple line drawings
include so many features in rich and complex combinstions that a
feature analysis, though feasible, is very difficult. The reason for
this is that writing wvas a deliberate invention, created to be as
efficient as possible. Furthermore, writing systems have evolved
over the past 5000 years with a historical convergence on a limited
set of graphic features that are both highly 2fficient and virtually
universal.

Written discourse may be further differentiated from other
graphic displays in that it can be described phonologically,
orthographically, and syntactically. It is at the level of semantic
analysis, howvever, that we find that written discourse and other
graphic displays may be quite similar. For example, the word "apple”
and a picture of an apple may be subjected to a semantic features
analysis that results in a sequence of hierarchically arranged
taxonomic categories (e.g., apple—yfruit—Ivegetable—Jedible).
Full recognition of a word or picture depends on extraction of these
kinds of information which are features of the graphic display.

Pictures are differentiated from written discourse in the ways
described above, but they require further description. James Gibson
(1954) defined a picture as follows:

"A picture is a surface so treated that a delimited optic
sarray to & point of observation is made available wvhich contains

the same kind of information that is found in the ambient optic

arrays of an ordinsry environment."

i dhie
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The photographer, or artist, fixes a point of observation and
reproduces the static visual information essential for identification
and location of objects in that scene. The manner in which people
perceive the information in pictures appears to be in most respects
similar to the way they perceive objects in their normal enviromment.
However, the perception of depth and distance relations in pictures
does bot seem to occur automatically. This is perhaps due to the
presence of surface infornatio; whick specifies the flat quality of a
picture as an object in itself. It may be that the conflict of this
information with pictorial depth information cues a compensatory
pictorial-procenling mode. A further difference between perception
of information in the normal environment and that in pictures is that
the information in pictures is presented from a static, monocular
perspective. In contrast, people in a normal emvironment obtain
perspective information as they move about and experience lawful
variations in the optic ;rray. (Pick, 1973)

One natural consequence of the basic differences between text and
pictures at the graphic level is that the reader of text must accept
the vwriter's organizational format for the concept expressed in the

text. Although readers sometimes skip over or skim text, they

\Libihan hua haitaniany, v L) L

ususlly read in a conventional linear pattern.

By contrast, the reader who looks at s picture is free to sample

the information presented there in any way he or she sees fit,
aslthough there is some evidence that pictures do present semsntic

information in organized ways snd that readers view these displays in
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wvays that reflect a hierarchical structure of information content

(Loftus, 1976).

Eye-track data, to the extent that such data reflects cognitive
events, may provide some insight into this question. Although much
research of this kind has been done with text or with pictures,
little has apparently been done using both pictures and text.

Loftus (1976) views the process of encoding information in
graphics as consisting of three stages.

Stage 1 -~ Decision about where to look in the picture.

Stage 2 ~ Once a particular area has been fixated, information
from this ares must be extracted and processed during the fixationm,
and

Stage 3 - The information extracted during a series of fixations
must be integrated into some overall representations.

Loftus reports research that supports the view that readers
obtain what is referred to as "gist" information about the graphic
within the first one or two eye fixations. Gist information is
simply information that permits the readers to say what the graphic
represents in some general way (i.e., a picture of a Porle vs. &8
picture of a lion).

Next it appears that readers fixate on what are referred to ss
information areas in the graphic. Such areas are defined by
Mackworth as areas reported by subjects to be informative while

Berlyne (1950) defines these areas in terms of their complexity end

novelty. (For example, subjects viewing a city skyline would find

e 3t el A
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the outline of a very tall building to be informative as opposed,
say, to the information provided by sn area of clear sky.)

Stone (1978) reports research that indicates that readers who
view text/graphic combinations appear to spend the first second or
two obtaining gist information from the graphic. Readers then tend
to refer to the éext and to read for several seconds. They then
refer periodically to the graphic, seemingly for edification of
information presented in the text. It is surmised that these
referrals from text to graphic are made to high information aress
that are either redundant of the information content of the text,
vhich complement the information content of the text, or which

provide an organizational structure for the text content.

- Oie difficulty in attempting to apply eye-track technology to
this area of study is that it is more difficult to specify the ;
information available to the eye at s given fixation when the display ;
is pictorial than when it consists of text. When the eye fixates on i
a letter of a word we may sssume (with some justification) that the
graphic, orthographic, phonological, syntactic, and semantic
information concuined in the word is available to the reader (if it
is & word in the reader's vocabulary). However, if the reader
fixates on a portion of a picture it is much less clear what

information is svailable to the reader at that point due to the

complexity of the graphic features of the display.
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Given the on-line computer controlled eye-track technology
available at present, it should ﬁe possible in the near future to
Tecord eye~movements as people read combinations of text and pictures
snd to subsequently specify what information they extracted from each
source, the sequence in which they extracted it (i.e., how they
combined information presented in text and pictures) and perhaps
identify specific factors that cause the reader to refer from text to
picture or vice-versa. (For example, if a particular type of
information is more clearly depicted pictorially, subjects might
consistently refer to the picture for that kind of information.)

Now that we have reviewed the literature dealing specifically
wvith the question of how people read and understand information
presented to them in pictures and text and have considered sowe basic
similarities and differences in these means of expression, let us
examine several theoretical perspectives and related research that
may be of value in considering this issue in greater depth.

The theories to be reviewed here include schema theories of
couprehension (Rumelhart, 1977), a differentiation theory (Gibson and
Levin, 1975), a dual procesing model (Psivio, 1974, 1977), and o
model of knowledge structure (Frederiksen, 1975).

Before exploring these models it is important to recognize that
there can probably be no single model for reading. GCibeon and Levia
(1975) poiat out that the skilled reader is very selective. He or
she skims, skips or concentrates, planning ahead and adapting reading

strategy to his or her interests, the material to be read, and ine
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purpose for reading. The resder does not perform some pure process
of decoding and comprehending, he thinks, he remembers, and he
constantly relates vhat he sees to vhat he has seen before, what will
come next and to his own experience. There can therefore be no
single model of the resding process.

Even 8o, the theories reviewed here are thought to provide a
useful perspective on the manner in which people read pictures and
text.

Rumelhsrt (1977) presents a model of the reading process im which
readers generate hypotheses at a variety of levels designed to
account for portions of the incoming information. Levels of
hypotheses would include the letter-level, the lexical-level,
syntactic-level, and semantic-level. Hypotheses at an even higher
level are proposed which account for entire stories. These
hypotheses are called schemata. Such schemata provide a context for
incoming information, predicting (and inferring) the existence of
lover level hypotheses.

Rumelhsrt cites several studies by Bransford and Johason (1973)
to shov hov important schemata are in reading comprehension. An
illustration may cause the reader to generate such & high level
hypothesis. The accompanying text may be aslmost mesningless without
such a frame of reference as is shown in the "balloon passage.”

If the balloons popped the sound wouldn't be able to
carry since everything would ba too far away from the
correct floor. A closed window would also prevent the

sound from carrying, since most buildings tend to be well
insulated. Since the whole operation depends on a steady




Text/Illustrations
17

flow of electricity, a break in the middle of the wire
would also cause problems. Of course the fellow could
shout, but the human voice is not strong enough to carry
that far. An additional problem is that a string could
break on the instrument. Then there could be no
accompaniment to the message. It is clear that the best
situation would involve less distance. Then there would be

fewer potential problems with face-to-face contact, the
least number of things could go wrong.

Subjects who read this passage without the illustration found it td
be almost incomprehensible. Those who were allowed to view the
illustration for 30 seconds pior to reading the passage found
it entirely comprehensible and could recall over twice as much of the
story as those without the illustration.

—Insert Figure 1 about here--

As Brsnsford and Johnson point out, context may be provided by
text as vell as by illustrations. However, illustrations may be of
particular value vhen they provide such a frame of reference.

Gibson and Levin (1975) have provided a theoretical basis for
understanding hov people read pictures and text. They view the
process of reading as one of extracting information from pictures and
text. They believe that "higher order structures"” are basic to
perceiving patterns of distinctive features in pictures and text.
These structures are seen as rule systems that describe subordinate
relationships among the phonological, syntactic, and semantic
components involved in reading. The key processes involved in
developing such rule systems include abstracting relationships,

ignoring irrelevant information, locating potentisl information
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areas, using distinctive features, and obtaining intrinsic
reinforcement through the discovery of structure and the reduction of
uncertainty.

An experiment by Mackworth (1972) is cited by Gibson and Levin
(1975) to show that the failure to comprehend written text does mot
necessarily coincide with failure to extract meaning. "“Children
known to be poor readers vérc shown a complex picture which was then
wvithdrawn, and another presented which was the counterpart except for
a single change in one area. The child was required to point to the
ares that was changed. The children tested ranged from kindergarten
through third grade; there wss absolutely no difference between good
sand poor resders. Poor readers, however, took longer to match words
vith pictures.” ‘

A study by Peeck (1974) is one of the few in the literature to
attempt to control for the relationship between the content of text
and the content of illustrations used with the text. Peeck used
pictures selected to convey information in an accompanying story. In
8 cartoon format, Peeck varied the agreemant between the information
contained in the pictures and that contained in the text. When the
same informatiom was presented in both the pictures and the text,
fourth grade children who read the illustrated text scored higher on
questions sssessing knowledge of information vhen compared to
children who read only the text.

For children resding illustrated text, points of conflict between

picture and text resulted in the selection of the picture information

;
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responses for information contained only in the text, there was no
difference in retention between groups reading illustrated and

non-illustrated versions of the text.

The Peeck study suggests that the degree of correspondence

between the semantic content of illustration and text is sn important
variable affecting comprehension and recall.

In summary, Rumelhart, Bransford, and Johnson; Gibson and Levin,
and Peeck have provided theories of potentially great significance
for the study of how people read and comprehend information presented
in pictures and text and have identified variables crucial to the
study of this issue. To recapitulate, the variables are:

1. The degree of redundancy between the semantic content
expressed in pictures and text.

2. The relationship between the organization of the councepts
expressed in text and that found in accompanying illustrations.

Paivio's (1978) theory of a dual coding approach to perception
and cognition makes a distinction between two types of informationm,
communicative and environmental. The theory is based on three
assumptions: the first is that two distinct symbolic systems are
involved in perception, memory, lsnguage and thought. One system is
specialized for processing non-verbal information (referred to as the
imsgery system). The other system is specialized for processing
linguistic information (referred to as the verbal system).

The second assumption is that the two systems are functionally

independent, but partially interconmnected.
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A third major assumption is that long—term niemory and perceptiom
use the same systems. Perception and memory are thought to be
continuous. The functional representations of the non~verbal system
(drawings, imagery, etc.) are thought to be analogous and contimuous
in nature, and are highly isomorphic with perceptual informatiom.
Paivio, therefore, asserts that environmental information is
represe;tted in long-term memory basically -in perceptusl form.

He asserts that the units of the verbal system are discrete
linguistic entities which are arbitrarily related to perceptual
information. He claims that "the linguistic system per se does not
contain the perceptual or semsntic information that corresponds to
our knovledge of the world, or as Pick puts it 'environmental
information.' Instead the verbal system can retrieve such information
only by probing the non-verbal representational system.”

Further, it is said that the non-verbal system is activated more
directly by non-verbal objects than by linguistic stimuli.
Conversely, the verbsl system is activated more directly by spoken or
written language.

Finslly, the perceptual information in long~term memory can de
used for various purposes, depending on task demands, iucluding
descriptions of the environment, making inferences, and gctive
transformations of the symbolic information (see experiments by
Piaget and Inhelder (1966) and Cooper and Shepard (1973)).

Paivio ssserts that this theory can better accouat for

differences in memory reactions to pictures and words and for

T ol A b 8 b
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perceptual memory transformations (of the kind that Cooper and

Shepard (1973) have explored), than can theories based on a common

representational system for both kinds of information (Norman and

Rumelhart, 1975; Anderson and Bower, 1973).

rtedefiksen'c (1975) paper "Representing Logical and Semantic
Structure of Knovledge Acquired from Diacour;e" attempts to present
an explicit model of knowledge structure. This model is defined
entirely without reference to linguistic structures and is capable of
representing the informational structure of nonlinguistic "messages"
such as visual arrays and experienced events as well as that coded in
linguistic ne;lages. Its locative relation, for example, specifies
the two- sand three-dimensional properties of space that linguistic
deep structure could not represent,

Frederiksen has not omly attempted to present an explicit model
of knowledge structure, but has also attempted to provide a procedure
for coding logical and semantic information acquired from text based
on the logical and semantic structures he presents in the model.

This procedure is advanced as a means of assessing subjects'
memory structures for text, either by providing a basis for
systematically probing subjects' memories for text, or as a reference
structure against which subjects' text recslls (or other verbal
responses) could be scored. Iﬁ would then be possible to assess
precisely what semantic informationm a subject has acquired from a

text and to specify what relationship obtains between semantic

information acquired from a text and the semantic information from
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wvhich the text was derived. Thus, by comparing a subject's memory
structure for a text (as inferred from his responses to probes on
text recall) to the logical and semantic structure from which the
text was generated, it is possible to begin to reconstruct the
processing operations which a subject applied to the input text to
generate his memory structure for the text. In this manner, ome can

begin to determine precisely what logical and semantic knowledge is

acquired when a text is "understood," to specify the processes by which

such knowledge is acquired, and by systematically constructing texts
from specified semantic and logical structures; to study effects of
structural characteristics of text on these processes.

Frederiksen's model represents both "semantic structures"
consisting of propositions which are represented as networks of
concepts connected by labelled binary relations and which identify
events or states, and "logical structures" consisting of networks of
propositions which are connected by various labelled logical, causal
and algebraic relationms.

As Frederiksen points out, semantic structures have recently come
to be regarded as central to linguistic descriptions of natural
langusge. Generative semanticists such as McCawley (1968) and Lakoff
(1971) argue that there is no formal difference between syntactic and
semantic rules; rather there sre only sciantic representations and
grasmmatical transformations that relate them to surface structures
(sentences). They hold that it is more parsimonious to adopt a

system of grammar which starts with logical predicates and contains
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rules for mapping these propositions directly onto surface sentences.
Frederiksen has adopted this approach.
Furthermore, many linguists, Grimes (1975) and others, have come
‘to emphasize discourse rather than the sentence as the unit of
analysis. These linguists have pointed out that certain derivations
of a sentence may be judged to be ill-formed in one context and

grammatical in another. People make judgments concerning

grammaticality based on the context of the written sentence or spoken
ut{;rance. Any linguistic theory which ignores context must

therefore be judged to be inadequate.
In light of these observations, Frederiksen has attempted to make
his model sensitive to: (1) the conceptual context of an uttersnce;
the presuppositions (beliefs or intentions) held by a speaker at the
time of an utterance, (2) the extra-linguistic context; the time,
place, and location of speaker and hearer, and (3) the linguistic
context; the context given by previo;s discourse within which a
sentence is embedded.
Frederiksen advances a conception of linguistic production which

he srgues is s more plausible basis for a psychological model than

was Chomsky's system of grammar. First, the basis for linguistic

productions is semantic (propositional) structures. Second,
grammatical rules are being formulated at the discourse level,

relstive to discourse context, extra-linguistic context, and

conceptual context. Third, grammatical rules are being formulated as

trsusformations which map directly from semantic structures to
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surface sentences. Frederiksen's model, therefore includes a
linguistic description of text encompassing a semantic structure and
a set of grammatical rules vhich generate texts from semantic

structures.

III. Specifying the Semantic Content of Picture and Text Stimulus ;

Professor George McConkie has been instrumental in transforming
Frederiksen's model into an effective research instrument for gaining
knowledge about the way people learn from text. (Dee~Lucas, 1978)
McConkie fnd his colleagues have been asking questions about the
nature of the language processes involved in comprehending text, the
nature of the cognitive representation which is established to
represent its meaning, the basis on which the person selects some
information rather than other to retain, how information in the

passage is integrated with related prior knowledge and how it is

affected by the scquisition of later knowledge, how stored

information is later retrieved, the nature of the processes involved

in making use of that knowledge for the purpose of the task used in ;

assessment, etc. .
McConkie and his colleagues have transformed Frederiksen's model

into an effective system for representing the content structure level

of the text. They then use free recall and probe measures to

determine vhat readers remember after having read the passage. These

recalls are submitted to sn snalysis of their content and logical
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structure in the same manner as the original passages. Once a set of
free recalls of a passage have been analyzed and scored, the
resulting data can be examined in many different ways. For example,
it is possible to work with recall frequencies of individual elements
or propositions, with dependency relations among elements or
propositions, with the sequence in which propositions are mentioned
in recall, with the ways in which the free recall is modified from
the original passage, with intruded information not present in the
passage, and so on. These data are said to bear om such diverse
questions as wvhether structural characteristics of the form in
content influence the reliability of segments of the passage, whether
there are high-level macro-structures which.guide the person to
recall the elements of a passage in a particular sequence, and what
meaning the subjects seem to store from a segment of text, which may
be inferrable from the variety of ways in which that information is
actually expressed in the free recalls.

Studies employing this approach are reported by Marshall and
Glock (1978), Clements (1976), Lucas (1977), Dee-Lucas (1977) and
smith (1977).

These otudi;s have dealt exclusively with text, but provide
useful exsmples of the application of Frederiksen's system to the
solution of research problems.

Stone (1978) reports an application of the same methodology to an
investigation of the communication of procedural information in a

variety of forms of pictures and text. This research, conducted in
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cooperation with Professor Marvin D. Glock of Cornell University has j
developed a methodology that permits sn objective specification of
the logical and semantic content of pictures at the content structure
level. The procedure involves asking subjects to view the . |
illustrations and either describe them orally or in writing. These
descriptions are then subjected to an analysis (McConkie) which
transforms them into a set of propositions. Scorers then ;ompnre
these sets of propositions to arrive at a common, objective
representation. l
Given an objective specification of the logical snd semantic »
content of both text and illustration it is possible to closely

control for the relationship between the concepts and relations smong

concepts when pictures and texts are presented together. For
instance, text and pictures may be constructed so that the concepts
in each are identical or so that they complement each other.
Similarly, manipulations of form may be performed in a2 comparable
:ﬁ* manner on both text and pictures. For example, in a procedural text

wvith pictures, the sequential, referential or spatial content of both

pictures and text may be emphasized without affecting their semantic

E content.

Recall by subject may be in the form of a free written recall,

performance of the task specified in the procedural directions

ﬁ (recorded on videotape), or through verbal or pictorial probes.

Recalls of wvhatever type can be represented in the same propositional

format and can be subjected to the sort of analyses proposed by
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McConkie.

Current research employing this approach is directed towards an
evaluation of the effectiveness of different forms of text and
picture presentations in communicating procedural information to
readers.

Nov let us examine the system's characteristics in greater
d§tail. The essence of the lyttt‘ is the idea that a passage of text
or an illustration can be viewed as presenting a number of different
concepts generally classifiable as objects, actions, or attributes.
Text expresses the relationships smong these concepts through the use
of sentences while an illustration expresse such relationms
graphically. The passage of text or illustration can therefore be
represented as a form of network structure with the concepts being
the points or nodes in the structure, and the relations being
represented by the lines between the nodes. In practice, a linear
Tepresentation of this network structure is used. The logical and

semantic structure of text, illustration, as well as verbal or

non-verbal recalls, are represented by a series of numbered
propositions. (For exsmple, an object, -~ John -~ may be either the
one who performs an action, - hit -~ or the onme who is the object of
the action, the one being hit. The label on the line is therefore
either object or agent to make the necessary distinction.) (McConkie,
1977).

In order to determine the content of a text or graphic that is

transformed by scorers into 2 series of propositions expressed as a
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network structure, let us consider another example from McConkie
(1977). "John hit the red ball" ~ is represented by two propositions:
"The ball was red” |
M: (:8a11)=—att—(red)
att = attribute
and - "Johm hit the ball" -
P2: (:John)=—agt-=-(hit)=——obj-~-(:Ball)
agt = agent, obj = cbject
Words representing the concepts mentioned are placed in
parentheses, and the labels on the relationships are embedded in the ;
arrows which represent these relationships. Each proposition is

numbered.
=~Insert Figure 2 about here--

Figure 2 shows a sample of a procedural text used by Stone and
Glock (1981) consisting of the directions for the assembly of a
model. After each section of the directions there sppears a list of
the propositions which represent the logical and semantic content of
that portion of the text. Illustrations designed to depict the

fjdentisl content are shown in Pigure 3.
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=—Insert Figure 3 About Here--

Within the context of the task enviromment it is asserted that
the content and logicsl structure of both illustrations snd text are
directly comparable. This comparability was arrived at by employing
the following procedure:

First, a set of written (i.e., text) instructions was produced,
These instructions were pilot tested on several individuals to assess
their clarity and completeness for accurate construction of the
wodel. Next, pictures were designed by an artist following the text
directions. These pictures were intended to be semantically
redundant with respect to the text. Finally, the pictures slone were
then pilot tested to assess their independence from the text as
complete and accurate conveyors of the necessary assembly
instructions. These procedures were described by Stome (1977). At
this point, text and illustrations were each known to contain all
necessary and sufficient information for the accurate performance of
the assembly task. However, the specific semantic content of each
remained unspecified.

In order to specify the semantic content of both text end
pictures in comparable terms the text instructions were coded into sn
ordered list of propositions based on the modified Frederiksen system
(Dee-Lucas, 1978). Next, the pictorial instructions were given to

volunteers who provided written descriptions of the picture. These

written descriptions were also coded into an ordered list of
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propositions using the modified Frederiksen model. The two lists of
propositions were compared and several modifications were made to
both text sand pictures. After validation by pilot testing, it was
felt that a “core" of redundant information was present im both
pictures snd text, which was describable in & comparable manner, and
vhich was necessary and sufficient for successful completion of th;
assenmbly task.

The use of this system permits the researcher to control for the
relationship between the content of text and illustration. The
concepts and relations in each are made explicit and the relative
contribution of text and illustration in the communication process
can therefore be examined. The organizational value of each may also
be assessed, since the system captures the logical structure of
context expressed in text or illustration. This system can be used
to make explicit the semantic content and organizational structure of
vhat people recall (either verbally or non-verbally) after reading a
passage. Thus, the content of the original text and illustrations

may be compared with what rcadcrs'recall in equivalent terms.

IV. Suggested Research Qunstiéno Involving Pictures and Text

A zeview of these ntudi;l leads to some specific suggestions for
the design of sn improved series of experiments in this area.

The general quastion as to whether pictures help people
understand text msy be snswerable only in terms of specific types of

illustrations and specific functions. The differential utility of
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illustrations or text may vary with the type of information, the
jnformation structure or logical relationship to be communicated.
(For example, it may be found that illustrations are uiformly more
helpful for understanding spatial relatiomships than is text.)

In order for such questions to be addressed it will be necessary
to overcome each of the deficiencies noted in the studies cited
earlier.

1. Studies in this area must clearly specify what texts and
illustrations have been used so that other researchers can replicate
then.

2. Studies are needed which examine the effects of different
forms of illustration (line draving-; color photographs, motion
pictures, slides, etc.) on texts (and vice versa) so that results are
generalizable beyond a particular set of reading materials.

3. Scoring systems need to be developed that allow researchers
to identify and compare in equivalent terms the semantic fesatures
present in illustrations and text, thereby permitting control for
semantic content,

4. Scoring systems sensitive to the orgsanizational structure of
both illustrations and text need to be developed so that the effects
of text organization on comprehension of picture content may be
assesed (and vice versa).

5. Finally, non-verbal and verbal measures of comprehension
should be employed to determine how differences in measurement affect

assessment of comprehension of the content of pictures and text.
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Among the questions that our research group hopes to address are the

following:

1. In order to specify more thoroughly the semantic content of
procedural instructions, it would be helpful to develop s taxonomy of
the categories of information conveyed by such instructiomns.

(a) What categories of information characterize procedursl

instructions?

(b) How can the categories of information from (a) be depicted most
efficiently in text and pictures?

(c) How do these categories of information differ among various kinds
of procedural tasks? (e.g., assembly tasks, as opposed to the tasks

performed by Navy $3-A TACCOS and SENSOS during ASW operations).

(d) Can different types of tasks be classified according to the
structure of the semantic content and the categories of information

to be communicated in the instructions for those tasks?

2. Manipulation of the semantic content of textusl and pictorisl
portions of procedural imstructions may be helpful in explaining the

cognitive processes involved in executing procedures. . :

(a) How do variations in the semantic content of pictures affect the
text processing load, and vice versa?

(b) How do variations in the redundancy of procedural texts and
pictures (by information type) affect the represenmtation of

procedursl information in memory?

ﬁ ‘ 3. One of the problems in developing procedural instructions is to

portray objects in a manner so that nacessary features are manifest.
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(a) What are the salient functionsl features of some common objects?
(b) HBow do the presence or absence of such features in a graphic
representation influence the ability to perceive functions of
objects?

(c) Does the awareness of salient features differ when looking at a
photograph versus looking at a fixed object or looking at an object
that can be handled or manipulated?

(d) Is information from two dimensional pictures and three
dimensional objects equivalent?

(e) Is functional information related to presentation orientation?
4, There are a series of questions concerned with individual
differences that we wish to explore.

(a) How do experts differ from novices when acquiring mesning from
picture~text combinations? How do good learners differ from poor
vhen acquiring meaning from picture-text combinations?

(b) Are there large individual differences in the use of picture-text
combinations?

(c) Can certain comprehension monitoring strategies that facilitate
such performance be identified s0 that they may be taught to others?
(d) How do two important sources of individual differences, basic
abilities and strategies or procedures influence the kind of
performance? Are better lesrners distinguished from poorer learmers
on the basis of: 1) certain enduring ability traits such as spatial

ability or 2) the use of certain trainable strategies such as

comprehension monitoring skills, or 3) a combination of abilities and
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strategies? Does the same pattern distinguish experts from novices?
Individual differences involving cognitive style dimensions hsve
been explored relative to their compatibility with the mental
operations necessary for effective processing of technical
instructions for procedural tasks. (Crandell, 1979) Further studies
using other quantifiable indices of structuring reading behaviors and
of cognitive style models were recommended. We have elected to use
the field dependent/field independent model of Witkin (1969) as a
means of replicating or extending our earlier findings. To this end
the following questions are posed:
e) Are field-independents more cognitively compatible with the mental
operations necessary for processing procedural instructions
efficiently and accurately?
£f) Do field-independents complete s performance task more effectively
vhen presented with instructions in a pictorial format?
8) Are field-independents superior to field-dependents in their
ability to process information of a technical nature regardless of
the medis format stimulus presented to the reader?
h) Finally, does an interaction exist between FD/FI and media format
design (picture on text) on & given set of instructioms for
completion of a performance task?
Further Questions Inviting Research Efforts
1. Do good and poor readers differ in their use of illustrations
vith text? If so how do they differ?

2. What changes occur in the beginning reader's use of text as
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he or she becomes & skilled reader?

3. What changes occur in the reader's use of illustrations with
text as the difficulty (i.e., vocabulary, sentence complexity,
conceptusl level, etc.) of text increases?

4, How may picture~text combinations be designed to facilitate
the comprehension of different types of content (i.e., narrative,
procedural, etc.)?

Additional questions of broader psycﬁological import include:

1. Howv do readers extract the semantic features present in
picture:text combinations?

2. How do readers select content of text and pictures for
retention?

3. How do readers integrate the semantic content of pictures and
text during the reading process?

4., What is the nature of the reader's mental representation of
the weaning of text and picture?

5. How do readers integrate content of pictures and text with
related prior knowledge?

6. How is such stored information subsequently retrieved?

7. How do the various tasks used to assess that information
sffect its use?

Research along these lines should not only provide greater
insight into the nsture of the reading process, but should have
implications for the improved design of reading materials using

picture-text combinatons.
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Figure 1

Balloon Passage

Bransford and Johnson.




1. TO FORM COLUMN ONE: ARSENRLE THREE LARGE BLOCKS END TO END. 3
ATTACH A SHALL BLOCK TO THE TAB END OF COLUWN OME. : S,
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1P02.01
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Figure 2
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PROPOSITIONMAL ANALYSIS: STOHE ASSEMBLY INSTRUCTIONS

) ==AGT==>( *FORN)
( "PORM) «=0BJa=d( : COLUMN, 1)
{ leaAfiTead( 'ASIEMALE)
( *ASSENALE) ==NRJ==>( :LARGE. BLOCK. 1) ,( :LARGE.BLOCK.2),
( sLARGE. BLOCK. 3)
(:LARGE.RLOCK. 1) ,( sLARGE, NLOCK,.2) ( :LARGE, BLOCK. 3)
CoaOBRTENTODC 'END, 'ro FUD)ee>( :LARGE.BLOCK. 1) ,(¢ Laaca.al.ocx.a.
(:LARGE.BLOCK.3) °
( *ASSEHMBLE) «=GOAL==>"1P02,03
( )==AGT==d>(*ATTACH)
( "ATTACH) ==0BJ==>( : SMALL . BLOCK. 1)
(2SMALL.BLOCK. 1) ==L0OC@p( *TAS. END)==>( : COLUMN, 1)
#1P02,"1P03==GOAL-=>" 1P01 -

(  )=eAGT=ad( 'FORM)
( *FORM) ==0BJ==>( : COLUMN.2)

)o=AGT==>( ' ASSENBLE)
( "ASSEMBLE) =«ORJ==>( : LARGE, BLOCK.8) ,(: LARGE. BLOCK. §) ’
(sLARGE.BLOCX.§)
( sLARGE.BLOCK.4) ,( :LARGE.BLOCK.5) ,( sLARGE.BLOCK.6)
<==ORIENTEOp( ' END .TO.ERD)-)( LARGE.!LOCK.I) (:LARGE.BLOCK.S),
( sLARGE. BLOCK.6)
( *ASSEMBLE) ==GOAL==>"2P02.03 .

)oaAGT==)>( *ATTACRH)

( *ATTACH) «=0BJ==>( : SHALL . BLOCK,.2)
( $SMALL. BLOCK.2) ==LOCED( 'Tll. END)==>(:COLUNN.2)
"2P02,72P03==G0AL-=>"2

~

(  )ewAGT==>( 'FORM) .

( *FORN) ==0BJ==>( :BACK) 1
(  )a=AGT==>( 'MOVE) :
( "MOVE) ==0BJ==>( ; COLUMN. 1) ,( : COLUMN.2)

( sCOLUMN. 1 )(-OIIMOD( "PARALLEL. ==>( 3 COLUNN.2)

*3P02==GOAL==>"3P0

( :COLUMN. 1) <==ORIENTEDR( ' APART ) oe)( s COLUNN.2)

'3?05.01-—D£Gl0( YABOUT) ==d( * TWO. BLOCK. WIDTNS)

( SCOLUMN, 1,TAB)<==ORIENTED( ' IN, THE. SANE. DIRECTION) ==

(3COLUMN.2.TAD)

(  )ewAGT==>( 'BE.SURE)
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C 'BE.SURE) ==THEM==>"3P06 .

8§, CONNECT THE TWO COLUMNS BY INSERTING FOUR FLAT PIECES BETWEEN THENM.

FLAT PIECE INTO PLACE USING THE SIDE GIOWES IN THE BLOCKS,

SLIDE EACH
(ALL THE FLAT PIECES SHOULD I'AVE THEIR SMOOTH SIDES ON THE SAME SIDE.) .
THEY MUST BE FLUSH WITH THE ENDS OF THE COLUMNS WITHOUT TABS.

4001.01
P03 .02
4P02.01
‘.”2 .02

“8p02.03

4r03
4P08.01
AP04.02

aP0S

; _8P06.02
8907
Apo8

&P09.01

8P09.02
P10 -

$P01.01
$ro01.02
$r02.01
$r02.02

" 590%.01
_ 8p08.02

( )eeAGT-=>( *CONNECT)

( *CONNECT) ==0BJ==>( s COLUMN. 1) ,( s COLUNN.2)

( )eeAGT==>(*'INSERT)

( ' INSERT)>=0BJ==>( :FLAT. PIECE.1) ,( : FLAT, PIECE.2),( :FLA‘I'. PIECE.3).,
(:FLAT.PIECE.X)

(:rur.p:zcz.n ( sFLAT.PIECE.2) ,( 1FLAT. PIECE.3) ,( :FLAT.PIECE.X)
«=LOCEP( ' BETHEEN) «=>( s COLUMN. 1) ;¢ s COLUNN. 2)
-mz--con.-.mm

( )==AGT==>( *SLIDE)

( 'SLID!)-OOJ-N s!’l.l‘l'. PIECE.1),(:FLAT,.PIECE.2),( 8?!.&1‘.?!&32.3) ’
(sFLAT.PIECE.X)

"4P08==GOAL~=D>"2P02.03.

(  )eeAGT==)>('USE)

( 'US!)-—GJ-)( SID!.GIOW')

4206 ==GOAL==>=AP0S

( 3SMOOTH. SIDE. 1) ,( zsm SIDL.2) ,( :snoon.snt.s) »

. (sSMOOTH. snt.n,c-onmn('mt)-msmoﬂ 81?!.1).

¢ :SMOOTH, SIDE.2) ,( :SHOOTH, SIDE.3),( : SHOOTH. SIDE

(:FLAT.PIZCE.1), l:mr.rncx.z) (:H.A?.le.n.( FI.M‘.PI:C!.!)
==LOCE (-nm.wmu—x:mm.i.up.n.(:eowm.a END. 1)
(zmm.t.m.n.(:mm.z.m 1) e=ATTaed( '‘WITHOUT. TAB)
.,”2' (XX 'Sm. PM. [ XX lN!nOOAI.-)'SN1

S. TO FORM THE AXLE ASSEMBLY: ATTACH ONE ANGLE BLOCK TO THE END GROOVE
OF COLUMN ONE AND ATTACH THE OTHER ANGLE BLOCK TO THE END GROOVE OF
COLUMN TWO. (BL SURE THAT THE TABS OF THE ANGLE BLOCKS FACE THE SANE
DIRECTION AS THE SMOOTR SIDES OF THE BACK.)

( )e=AGTee>( 'FORN)

( 'PORN) e=0BJoed( s AXLE. ASSENBLY)

( )o=AGT==>('ATTACH)

( *ATTACH) ==0BJ==>( s ANGLE. BLOCK. 1

( SMI.IJI.O“. 1) «=L0CED( * 70) ==( thlel. 1.E0D.GROOVE)
( )==AGT==>( 'ATTACR)

© (*ATTACH) -“J-)( tANGLE.SLOCK.2

2)
( SANGLE. BLOCK.2) == LOCED( ' TO) ==>( : COLUMN. 2 . END, GROOVE)
¢ SANGLE.BLOCK. 1.TAB. 1) ,( s ANGLE.BLOCK.2.TAD. 1) <~=ORIENED
(e Youd( IIAGR.SW sSIE)
wapGTe=>( 'SE, SURE)
( 'll.ﬂlt)-ﬂll—-)"”l

6. INSERT THE LONG ROD THROUGH THE TWO ANGLE BLOCKS.

6001.01
6901.02
6r01.03

C IIOEE) oo ST oG, ROD. 1)
( 1LONG, ROD. 1) ==LOCEP( ' THROUGR) ==>( 1 ANGLE. BLOC. 1) ,
( tARGLE. BLOCK. 2)
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j T« TO FORM THE BASE: FASTEN TWO LARGE B3LOCKS END TO END TO FORM A SHORT
; COLUMN, ATTACH A THIRD LARGE BLOCK TO A FLAT PIECE BY INSERTING THE FLARED
: ) EDGE OF THE FLAT PIECE INTO A SIDE GROOVE OF THE BLOCK. (BE SURE THAT ‘l'lt
| ENDS OF THE !‘LAT PIECE ARE FLUSH WITH THE ENDS OF THE BLOCK.)

7P01.01  ( )eeGT==>('FORN) S
7901.02  ('FORM)==0BJ==>(1BASE)
702.01  ( )=eAGT==C 'PASTEN)
7P02.02 ('FASTEN)==J8J=s>{:LARGE.BLOCK,7),( :LARGE, BLOCK.8)
7902.03  (:LARGE.BLSCK.7)<=-ORIENTEp( 'END, f0, END)~>(:LARGE. BLOCK. 8)
7P03.01 { )e=ACT==>('FORN)
"7?02 002  ('FORM)«=O3J==)>( :SHORT, COLUMN)
TP04 *TP02-=-GOAL"TPO3
7P05.01 ( )=eAGT==>( 'ATTACH)
7P05.02 (*ATTACH)=<0BJ=e>( :LARGE.BLOCK.9) ,(sFLAT.PIECS.S)
_ TP06.01  ( )e=AGT~->('INSERT)
7906.02  (*INSERT)==0BJ=>(:FLAT,PIECE.S.FL RED, EDGE, 1)
TP06.03  (:FLAT.PIECE.S.FLARED,EDGE.1)==LOCEP(*IN) ==
(:LARG!.BLOCK.S SIDE.GROOVE)

7907 *7906==GOAL~=>"TPOS
708 (sFLAT.PIECE.S.END.1),(sPLAT. PTECE.5.E1D. z)<.-\.=t'mop('nusu)->
(3LARGE.BLOCK.9.END. 1} ,( :LARGE, 3LOCK.9. ZHD.2

‘TP09.02  ( 'BE.SURE) ==THEN~->"TP08

8. ATTACH ANOTHER LARGE BLOCK 70 THE OTHER FLARED EDGE OF THE FLAT P ZCE
g';ﬂéxgclf WAY. (BE SURE THAT THE TABS OF TEL BLOCKS POINT IN THE SAME

8P01.01 ( )eaAGT==>('ATTACH)
- 8r01.02 ('mm)-m-.:cu.nc:.n.ocz.m (:FLAT.PIECE.S. FLARED. EDGE, 2)
- 8r02.01 ( )eeAGT-=>('INSERT)
| 8003.02 (' INSERD)—zOBJos>(sFLAT. PIECE.S.FLARED, EDGE.2) :
8r02.03 (sFLAT.PIECE.S.FLARED. EDGE.2)==LOCED( ' IN) =e>
. (sLARGE, BLOCK. 10, SIDE. GROOVE)
8703  *8P02-<COAL~=>"8P01 -
| 813,01 (:FLAT.PIECE.S.DND.1),(sFLAT. PLECL.S n?.m-.gumm-nm:-»
t sros (:umz.uocx.s.rmc-.oixmm *SANE)==>( :LARGE. BLOCK. 10. TAB)
806.01 ( )ewAGT==>('BE.SURE)
3 . $706.02 (*BL.SURE)~=THEN-->*3P0S"

9. INSERT THESE TWO TABS INTO A SIDE GROOVE OF THE SHORT COLUMN SO .
THAT THE SIDE OF THE SHORT COLUMN COVERS THE ENDS OF BOTN LASGE BLOCKS

; AND THE g£uD OF THE FLAT PIECE. A
|| TR o B gt poer 0.1 ‘
) . | » *

. ( :SHORT . COL UM I.Snt.ﬂm
9yro2 (smn.muuu.snt.u-.mﬂ 'COVERS) ==>( 1LABGE. BLOCK.9 . EWD) ,
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( "..M'a. m.ﬂ“. ‘n [ ro'“" .( :n-“f. "‘czoﬁ [ ] 'J"’. ‘ ’
arny SAGAT cnlitihl wa RPN

10, TO ATTACH THE RA3E TO TNHE A!l.l ASSGHBLY: lO‘lICt THAT THE DASE .IAS &
COLUMN OF TWO LARGE DLOCKS. ONE SIDE OF THIS COLUMN HAS A FLAT PIECE
ATTACHED TO IT. ATTACH THE OPPOSITE SIDC OF THIS eu.m THE EXpPOSED
}'ltgssﬂ' Tﬂtsg:l ASSEMBLY. BE SURE THAT THE FLAT PIECE !I TAE BASE w

10P01.01 (  )eeAGT—=>( *ATTACH)
10P01.02 ( *ATTACH) ==OBJ=e>( :BASE) ,( s AXLE, ASSENBLY)
40P02 (:BASE)==HASP==>(:SHORT.COLUNN) |
, 10P03.01 ( )==AGT==>( ' NOTICE) -
; 10P03.02 ( *NOTICE)—=THEN-S3510P02
g 10P08 (:FLAT.PIECE.S)==LOCEp(*ATTACHED, TO)~=>( : SHORT, COLUNN. SIDE. 1)
| 10708  (:SHORT.COLUMN. smn.zf.-wcm '0PPOSITE) ==>
: " (3SHORT, COLUMN. SID
1000601 (' DoskGToco( 1ATTACH)
10006.02 { *ATTACH)—~0BJ-=>(1SHORT. COLUNN. SIDE.2) , tANGLE. BLOCK. 1.T4B. 2) ,
- (1 ANGLE. BLOCK.2.TAB.2)
- 10P07 ( tFLAT. PIECL.S . SNOOTH, SIDE) w=ATTo=>( 'UP)
10P08.01 ( )e=AGT==>('BE.SURE)
10P08.02 ('BE.SURE)==THEN-=>*10P07 _
10009  *10P02, ... "10P08~=GOAL==>"10P0" -

11. TO FORM THE WHEELL ASSEMBLIES: PLACE A WASHER OVER EACH END OF A LONG
ROD SO THAT THEY ARE FLUSH WITH THE ANGLE BLOCK.

3 101,01 ( )eaAGT=ed('FORM)

’ 11901.02  ( 'FORM)==0BJ==)( s WHEEL . ASSENBLY. 1) ,( sWHEEL . ASSEMBLY.2)

b 11902.01 ( )e=AGT==>( 'PLACE)

g 11902.02  (*PLACE)==0BJ==)( :WASNER. 1) ,( sWASHER, 2)

k: 11902.03 g ::as.gn'a;) g;wgnu.z)-wcm *OVER) ==>( :LONG. ROD. END. 1),
. 3 M IS

11903 g:mm cs:asan.z).-wcm'nm:-.mmu.m o),
11908 ':1”2-:-60&-”1"03 .

13, ma;mmmovnucamorn:mmuﬁun:n
! THREADS POINT AVAY FROH THE ANGLE BLOCKS.

12001.01 ( )=eAGT==>({PMLACE)

12P01.02 (*PLACE) ==OBJoed>( :SCREN, m.ﬂ (s SCREV. HUD.2)

12P01.03 (:SCREN.BUS. 1) ,(sSCREN, NUB, 2) «=LOCED( *OVER) =e>

12002 g‘mu%mﬁ’lﬁk’< olxggp(!“lr) >CsANGLE. BLOCK. 1)
$ . ole e L . .

12903 (:SCREV.NUB.2.THR ml)(-mm"( SAVAT)==d( 3 ANGLE. BLOCK. 2)

12008 '1!’0'-““-"13’03. 12003

o REXT CACH EXD OF THE ROD. NEXT PLACE A WUT
;I’ll ovER ug‘gﬂ“ﬁgn‘l':l% ROD WITH THEIR WINGS AWAY FROM THE SCREW
#US. SCREV THE NUT NUBS AND SCREV HUBS TOGETHER WITR THE TIRES BETVEDR

]
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THEN,
FIBALLY, PLACE A WASHER OVER EACH EXD OF THE LOMG ROD SO ‘l'lll‘l’ THEY Alt
FLUSH VITH THE SCREW HUBS. )

13001.01 ( )aapAGT=>('PLACE)

13P01.,02 (°'PLACE)==0BJ=e>(:TIRE,1),(:TIRE.2)

13P01.03 (:TIRE.1),(:TIRE. 2)-(.00@9( ‘OVER)==2>{ :L0HG. ROD. EXD. 1),
( $LONG, ROD. EMD. 2)

13P02.01 JeapAGT=e)>( ' PLACE)

13P02.02 ('PLACE)=-08J=->( :SCREV. HUB. 1) ,{ :SCREW, HUB.2)

”~

13’02 03 (:SCREW.HUB,1),(:SCREW,HUB.2)==LOCEP( ' OVER)==>(:LONG. ROD. END. 1),
{ $LONG. ROD. END.2)

13?02 08 (:SCREW.HIUB.1.HINGS)<~-ORIENTEP( 'AWAY FROM)~=>(:NUT.4UB. 1)

“13002.05 ( :SCREW, HUB.2 .WINGS){==ORIEHTEP( 'AWAZ FROM)==>(:NUT.HUB,2)

13P03.01 ( )==AGT==>( 'SCREW)

13P03.02 ( 'SCREV: «aJBJ==>(:NUT.HUB.1) ,( :SCREW, HUB. 1)

13P03.03 ( *SCREW) == ATT==>( *TOGETHER)

13P03.08 (:TIRE.? ).-Loccp('az'mzzx)-x...ur.sus.n ( :SCREW. HUB. 1)

13P08.01 ( )==AGT-=>('SCREW)

13P08,02 ('SCREW)==C3J==>({:NUT.FUB.2),(:SCREW, HUB.2)

13P04.03 ( *SCREM) «=HATT==>( 'TOGETHIR) '

13P04,08 (:TIRE.2)=-LOCEp( ' BETWEEN) -=>( : NUT. HUB.2) , ( s SCREW. HUB. 2)

13P05.01 ( )==AGT-=)>('PLACE)

13r05.02 ('PLAC!)-JBJ—-)( HASHER.3) ,( sWASHER.&)

13P05.03 2 WASHER. 3) ,( HASH!R.I)-LOCI]:('OVER)--)( LONG. IOD.BI!D.!). .
(

H

$LONG. ROD, EAD. 2)

1 13206.01 ( :WASHER.3)~=LOCEpP( 'FLUSH) ==>( :SCREW. HUB. 1)

; 1370602 (sWASHER.A}--LOCED( 'FLUSH) —=>( :SCREN. HUB. 2)
A #13P0S=eGOALo=>"13P0 ~

13r08 "12002, ... -13n1,-cou-->'upo_1

.. 18, TO FORM HANDLE ONE: INSERT A SHORT ROD THROUGH A CLIP SO THAT —

. THEZ CLIP IS IN THE MIDDLE OF THE ROD.

3 |

B 18P01,01 ( )ewAGT==>( 'FORM)

14P01,02 ( 'FORM) =e0BJ==D( tHANDLE. 1)

5 - 18002.01 ( )ewAGT-=>('INSERT)

¥ 18002.02 ( *INSERT)«=0BJ==>( :SHORT,.ROD.1)

. 18p02.03 c:suon.aon.n-l.occp( 'THROUGH) ==>( :CLIP.1)

18P0 (3CLIP. 1) ealOCEp( * IN, THE, MIDDLE. OF ) ==>( : SHORT. ROD. 1)
1490 % 18P02+=C0AL==>" 1203

18P08 *18P04e=GOAL==>"14P0 . .o

1S, 70 FORM HANDLE TWO: INSERT ANOTHER SHORT 10D THRO!IGH ANOTHER -
. CLIP SO TMAT THE CLIP IS IN THE MIDOLE OF THE lO .

18P01.01  ( )oeAGT=od( 'FORM) _ T
15701.02  ('FORM)==0BJ=e>( sHANDLE.2)

15002.01 ( )eeAGT==>('INSERT)

1370303 {14NONT ROD 2)z-LOGERC A THNOUGH) > 1CLIP.2)

189703 ( :CLIP.3)~=LOCED( * TN, THE. NIDDLE. OF )==>( s SHORT. R0D.2)
15P08 #18$020<C0AL==>" 15703
15908 1370 8=GCOAL~=>" 15901




16. nrr. THE IIAIDI.G WLD ll

gl 0' e M wITH
EXPOSED TABS. EACH HA AT ﬂl raont
OF THE BACK S0 THAT ‘ﬂll ﬂ.l 31’ ﬂl

THE OPENINGS ON ONE SIDE OF ucu CLXP m Wll THE TABS l? me- .
ENDS OF THE COLUMNS. THIS CONMPLETES THE Bsml.! ‘!‘ll ING CARY.

16P01.01
16001.02
16201.03

) 16?02.01
16703
16r08

16P05.01
16P05.02

Text/Illustrations

OF TRE BLOCKS,

¢ )ewAGT==D( ' INSERT) ,

( *INSERT) eaOBJ==>( sHARDLE, 1) (2 £.2)

( sHANDLE. 1) , ( sHANDLE.2) =~ LOCHP( 120) ~e>( : COLUMN, 1, E4D. 2),
(tmm-z.m 2)

CHARDLE.1) ,(: llA!DLl.Z)-LOCCp('II)-)(:GOLm.I FRONT,GROOVE) ,
( s COLUMN, 2. FRONT . GROOVE

(3CLIP.1),(:CLIP.2)~=LOCER( ' AGAINST)==>( :mm. 1.EX0D.2),
(1 COLUNN, 2 . END, 2)

"16?02-00“.-—"16'03

(3CLIP.1.0PENING) ~=LOCER( 'Wﬂ)-)( sCOLUMN. 1.TAR)
( :CLZP.&.O’!IIR)—LOC"( 'OVER) ==d( :col.unl.z.ru»

S el
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National Saience Foundation
Waeshingten, DC 20550

Non Govt

Dr. Johm R. Anderson
" Department of Pg

Carnegie Melloa Universtty
Pittaburgh, PA 15213

Anderssn, Themss N., M.0.
Canter for the Stuly of Meading
178 Children’s Resesrch Center
$1 Gerty Orive

Champisgan, IL 61820

Or. Jotm Aanett
Deparcaent of Psycholegy
University of Werwiak
Coventry CVS 7AL

ENGLAND

OR. NICHALL AT400D
SCIENCT APPLICATIONS INSTITUTE
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Son Govt

Mr, Wallace Peurelg

Bolt Beranek & Newman, Ing.
S0 Meulten R,

Cambridge, MA 02138

Or. Yicter Melds
Dapt. of Paycholegy
Moutgomery Gallege
Sockville, WD 20830

Or. Jabn A. frederiksen
Solt Bermmek & Wewman
S0 Meultaa Street
Camdridge, MA 02138

Dr. Alinds Friedman
Department of Paychology
University of Alderta
Ednonton, Alderta
CANADA T6G 229

Dr. R. Sdwerd Gelselman
Departaent of Psyechology
University of California
Los Angeles, CA 90038

DR. BOBERT GLASER
LADC

UNIVERSITY OF PITTSBURGH
3939 O'HARA STREET
PITTSBURGH, FA 15213

Dr. Daniel Gopher

Industrisl & Mensgesent Ongineering
Technion-Israel Iastituts of Technology
Raifa

ISRALL

DR. JAMES G. GREZNO°
LROC

UNIYEASITY OF PITTSOURGH
3939 O'MARA STREET
PITTISBURGH, P4 15213

Or. Hierold Nauikting
Depertment of Psychology
University of Oregon
fugene OR 97803

Or. Jemes 1. Noffam
Departaent of Psyshology
University of Delawere
Newarik, DE 19711

Glends Greenwmsid, M.

*hmen Mtelligence Newaletter”
P. 0. Sox 1163

Birmingham, MI 38012

Non Gove

Or. Esrl Hunc

Jept. of Psychology
University of Yeshington
Sesttle, WA 98108

Or. Steven ¥. Keele
Oept. of Paychology
University of Oregon

Or. Welter Kintash
Departaent of Psysiinlogy
University of Colorade
Soulder, CO 80302

Dr. Devid Kieras
Department of Paychology
University of Arizons
Tuscon, AZ 85721

Or. Keaneth A. nt'm“n
frogram Officer

Alfred P, Sloan Foundation
630 Fifth Avenus

New Yorx, NY 10111

De. Stephen Xosslm
Herverd niversity

Nr. Merlin Creger
1117 via Golets
Palas Verdes Cstates. CA 90278

Or. J111 larvin
Oepartaent of Psyctology
Carnegie Mellon University
PMttsburgh, PA 15213

Dr. Alaa Lesgold

:r‘“ﬂl 4D Center
versity of Plitshurgh

Pittsdurgh, M 15260

Or. Micheel t'.cv-tu

Deparement o usstisaal Psyedel
210 Tdueation Sldg. il
University of Hlinets

Champaign, I £1301

Or. Modert A, lavit ..
Direstor, Sshavisral Saienees
The BN Corppration

7918 Jones Irandh Drive
MeClean, YA 2210%

or. Chorles Lowis

Foculteit Seeiale Wetensshappen
M jksumiversitais Greatagen
Qude Boteriagessraat

Groniagen
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Non Gove ) Weu Gove
1 :i mnumm;.. ' 1 Dr. Fred Motf
onge Bdusatisn Dev. and Research ne
Nsttsnal Solemee Foumdetisn ::vzzg.nm
Veshingsea, OC 20590 Beriely, CA 99720
1 br. Nork Rller ’
Conputer Jeience Laberstery 1 Or, Mndrew n. loae
Tezss Instruments, Dne. Mmeriess Nstitutes for lessersh 5
Natl Ststica 371, P.0. Bax 229936 1055 Themas Jefferma &. W .
Oellss, IX 75245 Veshingtea, OC 20007 §
1 Or. Alles Mamre , ! Or. Brast Z. Sethmer ?_
Sehaviorsl Teohnelegy lLaborsteries Sell Lsberstories {
1385 [lsns Ave., Fourth Floor 600 Meumtain Avenus ]
Redondo Beach, CA 90377 Murrsy Hil1, ¥ OTYTE !
1 DOr. Osasid A Normsn 1 OR. WALTER SCHNESDER
Dept. of Psychology C-009 0E?T. CF PSYCHOLOGY
Univ, of Califarnia. San Diego UNIVERSITY OF ILLINOIS
ta Jolls, CA 92093 CHAMPAIGN, I 61820

1 . i
1 DOr. Jesse Orlansky 1 Or. Alss Schwenfeld

1
4
?
|
Institute for ::ou- melyses ' ?."J::':, ;{‘:mu ;
800 Arwy Bavy ve !
Arlingten, VA 22202 . Cliaten. WY 13323 ) :
‘ 1 0R. NOBERT J. SEIDEL t
1 Dr. Semour A, Pepert
Messeshusetts Inatituts of Teehmology mm“ 2 TECENOLOGY GROUP ;
a8 T 3.‘33"#33‘""" 300 ¥, VASRINGTOMN ST. {
( ) ®
Cambridge, MA 02139 ALEZANORIA, VA 22812 ‘
1
1 Dr. Jemes A. Faulson ;:c:stm on :ntun Resesrch ;
portisnd State University ’“mmau. .m“m _— ;
?.0. Box 81 603 Third venve -
Portland, OR 97207 , Yev York, NT 10014 i
1 MR, LUIOT PETRULLO 1 mob .
., mﬁom sTReeT ”u:. s'::g::"
" Carnegie-Nellon University
1 Or. Marta folama m“, t ot Pyemlegy
University of Celersde ) rittsburgh, M ms;
. Boulder, CO 00302 1 pe. t. it
' Blt Granck & Nowmam, Ine. : .
1 .mumu 50 Noulton SUFEVE .
oF COLORADO Cambridge, W8 0BT
SORIER, CO 0309 - -t o
1 Dr. Reves z; Peltreek m« Computer Sicnce
Oepartiest of Muyeislegy ws Iniversidy . |
University of Osaver v Trinsntek, B3 00903 [
Senver ,C0 00208
‘ 1 Or. RMedard Seew
1 n::lxar M. L. BAUCH Sebeal “m -
PITH Sanferd SMusatisn
U mnnufgnm R VERTEIDICUNG Stenferd, CA 98309
D83 SONN 1, GRAMANY ‘ 1 Or. Iohers
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Or. Kilami Tatsuoiks
Cmmputer Based Education Research

Laberstery
292 Gngineering %esesrch Laborstery
Oniversisy of [llinois
Urbans, IL 61801 .
Or. Jolm Thomas
M Themss J. Watson fesesrch Conter
P.0. Bex 218
Terktowm Neights, ¥Y 10996

br. Douglas Towme

'ﬂ“'.w




